There has been an increasing demand for engineering education to include more opportunities in the curriculum for students to develop the professional practice skills necessary for the modern, global workforce. Many engineering programs have included non-technical skills in freshman introduction to engineering courses and design courses such as the capstone design course in the senior year. However, there is a decreased emphasis on these important skills in the middle two years of a typical engineering curriculum, and there is an opportunity to find a place for these skills to be developed in the context of an engineering science course. In an effort to incorporate more professional skills during the middle years, a Materials Science course for Mechanical Engineering majors was redesigned to include specific learning goals that address creativity, teamwork, communication, lifelong learning, environmental impact, and societal impact. The course has for many years been taught using a traditional, lecture based approach, and the new format adopts a student-centered, active learning approach with an emphasis on project-based learning and integrative learning. While including more focus on professional skills, it was also important to ensure sufficient learning of the body of knowledge in materials science necessary for practical application in the Mechanical Engineering profession. An effort was made to align the learning goals with learning activities, assessments, and products. The course changes were also intended to increase student engagement by developing students' intrinsic motivation with a learning environment that promoted competence, relatedness (community and purpose), and autonomy. This paper describes representative activities including projects, in-class activities, homework assignments, and tests. The methods of assessing student work are also discussed. Qualitative student feedback is reported based primarily on student surveys.
Introduction and Motivation
There have been numerous reports, studies, and books that call for engineering education to not only educate for technical competence but to also educate for the professional practice skills necessary for the modern, global workforce. 1, 2, 3, 4 Engineering programs have responded to this call for change by introducing non-technical skills in freshman introductory engineering courses, however the professional practice skills are mainly being included in design experiences such as the capstone design course in the senior year. The middle two years of a typical engineering curriculum are crowded mostly with engineering science courses and laboratory based courses. It can be challenging to incorporate professional skills into engineering laboratory and engineering science courses while maintaining sufficient technical content, but it can be done. 5, 6 This paper presents the author's attempt to include professional practice skills in the context of a Materials Science course.
The main goal of this effort was to redesign an existing Materials Science to include specific learning goals that address creativity, teamwork, communication, lifelong learning, environmental impact, and societal impact. The course had for many years been taught using a traditional, lecture based approach, and the new format adopts a more student-centered, active learning approach with an emphasis on project-based learning and integrative learning. This paper describes the redesign strategies and the results of the initial offering of the redesigned course that was taught in the fall 2015 semester. Many of the strategies were adapted from the successes that Olin College has seen in their unique curriculum. In particular, the strategies and method used in Olin's Materials Science Course and Stuff of History course, which integrates Materials Science and History, were particularly helpful. 7, 8 Previous Course framework Materials Science is a junior level required course in the Mechanical Engineering curriculum at Norwich University, a teaching-focused, primarily undergraduate university in the state of Vermont. The course is delivered in a 14 week period and is three credit hours. Course enrollment has ranged from 22 to 36 students over the past five years. The catalog description of the course states:
An introduction to the science of materials based on the physics and chemistry of their internal structures. The effects of structure on the properties and behavior of metallic, polymeric, ceramic, semiconductor, and composite materials.
The author has taught the course for many years (since 2003) using a traditional lecture style format. The course design was content driven and teacher centered. The course content and sequence followed very closely the chapter sequence in traditional Materials Science textbooks such as those authored by Callister or Shackelford. The course goals were also aligned very closely with the Materials Science content presented in the chapters of the textbook. Most of the course goals involved lower order thinking skills for understanding and remembering the Materials Science content. The course meets for 150 minutes per week either as three separate 50 minute periods or two 75 minute periods.
A typical class period would involve the instructor presenting the material in various ways include Powerpoint presentations, written notes on the board, and working out example problems from the end of chapter problem set. Occasionally students would work on short problems in class that would involve small groups of two or three working together. In a typical week, homework assignments were given that were predominately taken from the end of chapter problem sets and included mostly closed-ended type problems. Students were expected to submit solutions that they worked out individually, although they were encouraged to help each other if they had problems. Short quizzes were given occasionally to help students prepare for one of the three major hour tests given in the semester. The hour tests consisted of a closed book, closed notes, short answer part followed by an open book, longer answer and problem solving part. Typically, one design type project was given at the end of the semester. The final grade in the course breaks down to 55% from the three hour tests, 20% from homework, quizzes, and projects, and 25% from the final exam.
New Course Design and Delivery
In order to maximize student engagement in the redesigned course, a variety of student-centered, active learning strategies were employed with the main learning strategy being project based learning. 9 Project based learning was also chosen to provide a realistic context for incorporating the professional practice skills. 10 The learning environment and experiences were also guided by Self-Determination Theory where the students are more intrinsically motivated if their learning experiences include competence (mastery and success), relatedness (community and purpose), and autonomy (choice and control). 11 An effort was made to align the learning goals with learning activities, assessments, and products.
Learning Goals
The design of the new course started with the establishment of learning goals that included not only the lower order thinking necessary for understanding the Materials Science technical content, but also specific learning goals necessary for professional practice: design, creativity, teamwork, communication, lifelong learning, information literacy, environmental impact, and societal impact. An emphasis was placed on higher order thinking skills. The course goals are given in Table 1 . 
Project Work
The projects provide the framework for learning in the course. There were three main projects: Project 1 on Properties, Structure, Performance, and Impacts of Everyday Consumer Products, Project 2 on Materials Analysis and Societal Impact of a Historical Artifact, and Project 3 on Sustainable Design. Most of the project work was team based consisting of three person teams. After project 1, the students formed new teams, and stayed together through project 2 and 3. This format provided for some variability in teams, but also allowed for some consistency and a smooth transition into project 3. Most of the learning activities were designed to support the project work and included a combination of in-class activities and out of class activities. A summary of each project is presented along with the associated learning activities, products, and assessments.
Project 1: Properties, Structure, Performance, and Impacts of Everyday Consumer Products
The first project involved the students working in teams to explore Materials Science in the context of an everyday consumer product. The students were asked to explore connections among material composition, atomic and molecular structure, and material properties (mostly mechanical and thermal properties). The specific objectives of this project were:
a. Identify the materials used for various components of your team's object; b. Characterize of the material properties of the object components c. Identify of the structure or lack of structure in your materials (What atoms, ions, and molecules are there? How are the atoms, ions, or molecules arranged?); d. Examine of material selection for the design (Why were these materials chosen?), e. Explore of the environmental impacts of your materials f. Build connections among composition, structure, properties, and performance.
Project 1 was designed to make progress toward achieving the course goals in the following areas:
Technical area goals: (1. Structure, properties, performance connections; 9. Materials Science Body of Knowledge -Topics a, b, c, and e (details given in Table 1 Some examples of consumer products that the students chose to work on included a toy Nerf gun, a calculator, a water bottle, a bicycle lock, a flashlight, a mechanical pencil, a cigar caddy, a pocket knife, a fishing lure, and a stapler. The learning activities were designed to actively engage the students in the process of achieving the objectives of the project and to make progress toward achieving the course goals. The assessments of the student's performance on the projects were based on a variety of products including weekly homework assignments, project proposal, project poster, and an individual, take-home test at the end of the project. Figure 1 gives the overview of learning activities, products, and assessments associated with Project 1. Without a required textbook designated for the course, the ability for the students to seek out and utilize appropriate resources and tools (information literacy) was one of the professional skills emphasized in the course. Project 1 homework assignments guided the students toward relevant resources including the valid resources on the internet, the campus library resources, and the CES EduPack software. CES Edupack includes an extensive materials and process database and provide tools for materials selection and sustainability considerations in design. The software was being used for the first time in this course to evaluate its feasibility for not only Materials Science, but also in other courses in the curriculum.
To give an example of one of the in-class activities that occurred early in the course, the instructor brought a large assortment of small everyday objects into class. The objects were made of a variety of materials including ceramics, polymers, metals, and composites. Each team of three to four students was given the following instructions: 
Project 2: Materials Analysis and Societal Impact of a Historical Artifact
For the second project the students were asked to select an artifact from the university's Sullivan Museum and History Center to identify and study the materials from which the artifact was made. In addition to characterizing the underlying materials science of the artifact, they researched the historical and cultural significance and identified modern day counterparts and applications of the metal alloys identified in the artifact. The project enabled the students to learn about the microstructure-processing-property connections in metal alloys by examining phase diagrams, thermal and mechanical processing, and strengthening mechanisms in metals within the context of historic and modern applications.
The specific objectives of project 2 were: a. Identify materials used for components of your artifact, and interpret what these properties mean for performance and impact of the materials. b. Research and describe important contextual factors related to the history, design, use, and societal impact of your artifact. c. Identify a modern counterpart of your artifact and substitute modern materials. Compare the materials in your historical artifact to those in your modern counterpart. d. Identify alternate modern day applications of the materials found in your artifact. e. Explore materials science relationships among structure, processing, properties, and performance.
 Use of phase diagrams to analyze and predict microstructure and properties.  Explanation and prediction of microstructural and property changes that result from compositional modification, and mechanical and thermal processing.  Use of processing techniques to achieve particular microstructures or a specific set of properties in metallic materials. f. Hone your collaboration skills and positive teaming interactions.
Project 2 was designed to make progress toward achieving the course goals in the following areas:
Technical area goals: (1. Structure, Processing, properties, performance connections; 9. Materials Science Body of Knowledge -Topics b, c, d, e, g, h (details given in Table 1 Some examples of the museum artifacts that the students chose to work on included a Luger pistol, a U.S. Army Bolo knife, a Captain's sword, a trumpet, a submachine gun, a soldier's helmet, and a ship's bell. The assessments of the student's performance on the projects were based on a variety of products including weekly homework assignments, project proposal, project poster, a short team report, and an individual, take-home test at the end of the project.
One of the main project deliverables was a museum display poster. The posters were designed to be displayed in an exhibit in the Sullivan Museum, and all of the posters along with the artifact that the team worked on are on display in the museum as shown in Figure 2 . 
Project 3: Sustainable Design
For the final project, the students were asked to apply materials science and materials selection in a product redesign scenario. Teams selected an existing product and identify different features of the product that could be redesigned with sustainability as the primary consideration for the redesign. They also examined materials science connections related to their product. This final project allowed for the most flexibility and choice with the fewest constraints. Students were asked to develop their own specific goals within the following framework:
1. Redesign your product for sustainability (team effort): Focus on two different ways in which your product can be improved from a sustainable design perspective. a. One redesign must be a material substitution of a component of the product. b. The second design modification is your choice. Some examples of the products that the students chose to work on included a skateboard, a classroom chair, a phone case, a box fan, a snow shovel, a toothbrush, a backpack, and a snow sled. The assessments of the student's performance on the projects were based on a variety of products including weekly homework assignments, project proposal, an individual report, and a team oral presentation given during the final exam period. Two examples of slides from those final presentations are shown in Figures 3 and 4 . 
Evaluation Results
After the completion of the course students were asked to complete a survey. A total of 32 students were in the class, and 22 students responded to the survey. One part of the survey asked the students to evaluate the achievement of the course objectives using a Likert scale. The question asked:
Please indicate the degree to which you agree/disagree that you have acquired the abilities/skills addressed in the course goals. Answer questions 1 through 9 using the following scale: 1: strongly disagree, 2: disagree, 3: neutral, 4: agree, 5: strongly agree
The results of the survey are shown in Table 2 . The number of respondents in each category of the Likert scale is reported along with the corresponding percentages. The final column represents the total number of respondents in the Agree and Strongly Agree categories. The percentage of students that felt like they achieved the goals (sum of agreed and strongly agreed categories) ranged from 68.2% to 86.4% with Environment and Societal context being the lowest and Communication the highest. Students were also asked to respond to questions related to professional skills emphasized in the course. Using the same Likert scale used to evaluate course goals, the students were asked the following question related to creative, and the results are given in Table 3: The idea generation and brainstorming methods learned in the course helped me generate more creative solutions in the projects. To allow for more elaboration on creativity, the students were asked the following open ended question:
Describe the different aspects of the course that allowed you to be more creative in your project work.
A selection of student responses to the open ended creativity question included:
The ability to choose individual objects on projects allowed for a lot of creativity as did the warm up methods we learned.
I was able to think outside the box by using resources and peer to peer ideas.
The brainstorming ways Group Projects that involved going to the machine shop as well as having a wide variety of choices for different items to use in projects.
The CES edupack really was integral into my ability to be creative because of the vast amount of information that was available through the software it allows you to make many different and significant material substitutions because you have so many at your fingertips that you wouldn't have considered right off the bat.
The ability to choose the specific objects for the projects was mentioned by five students as being the aspect of the course that allowed for the most creativity.
To address information literacy, the students were asked how often they used different resources throughout the course using the following Likert scale: 1: Never, 2: Very Rarely, 3: Rarely, 4: Occasionally, 5: Frequently, 6: Very Frequently. The results are shown in Table 4 . 
I liked the fact that we worked in groups.
Based on the student responses, the project work was well received and provided the teamwork and real world relevance to studying the material in an interesting way. Project 2 on the historical artifact study seemed to be the project that was most interesting and engaging to the students. For the question on what they liked least about the course, the following responses were given. 
Summary and Future Work
This paper summarizes the initial effort and results of the transformation of a Materials Science course from a traditional teacher centered, lecture based course driven by technical content to a student centered, project based course with an emphasis on professional skills. The learning strategies were intended to maximize student engagement and interest in the course material. The pilot offering of the redesigned course was discussed, and the initial feedback from students was very positive. The course will be offered again in the fall of 2016, and the author will continue to teach the course using the redesigned format. One area that will need to be studied more closely is the influence that the new course format has on student motivation and how effective the course is for promoting student competence, relatedness, and autonomy. The use of The Situational Intrinsic Motivation Scale (SIMS) to measure motivation was attempted during the final project, but the response rate was low (below 50% of the class), and it was only measured once. 12 The plan for the next offering of the course is to measure motivation more frequently throughout the course and to attempt to get a better response rate. Another future study that is planned will provide direct measures of the student's professional skills to determine the effectiveness of the new course format in acquiring those skills.
